|

) <

The University of Osaka
Institutional Knowledge Archive

. Investigation of Exposure Factors in Japanese
Title ;
Routine

Author(s) |BEl%, =Eth;, S8, BE; B, U&EF fb

Citation | HAEZFZMRIIRFSMEEE. 2001, 61(8), p. 431-437

Version Type|VoR

URL https://hdl.handle.net/11094/17178

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Investigation of Exposure Factors
in Japanese Routine Mammography

Tatsuya Fujisaki', Seiji Takahashi?, Kanako Watanabe®, Katsuyuki Nishimura",

1)

Shinji Abe", Hidetoshi Saitoh*, and Kenichi Fukuda®

1) Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences
2) Department of Radiology, Center Institute Hospital, 3)Department of Radiclogy, Aomori City Hospital
4)School of Radinlogic Sciences, Tokyo Metropolitan University of Health Sciences

Investigation of Exposure Factors
in Japanese Routine Mammography

Bl EE) R Y EATHT
Wi sz B OEED AR
S

ZOFICTIE, AR BV T 313580 E R
$12 | BOAFIEER & 1 BORRERSHHIC X - Tl
shiz, k- AR LUER - PYMEBHIAmORS,252ml 055
WHIC L VBN BET— 7 LR T— 7 2R ET 5.

FLEEGRR I {8 oM (SR OFUB TP &R Ik
EMAET A0, JEREORELERA O, XD
IR OB #1MBT A ENH 5. ILENSEAET %
BEEORTE LTI, Fi, EEIEES L UEEE, Bl
WRETE LTIE, ¥—%v M7 45 OfAEHYE, HEE
B LU BRI HS,. 2T, IhLOT— FEGEAT
v, RIHHREHETFITOWTHETAY I - MET L7,

KIEE OFHl B REE, 7 21E DERRS1E115,
2) FEEFLEE43+12 mm, 3)EH84422 kg, 4)EF B
28+1.8 kVE L UEBIHFEMS9OE24 mAsTH 72, F—-F'v
K7 4 V% DifaEbElE, Mo/Mo83.8%, Mo/Rh15.0% 3 &
U'W/Rh1.2% T4 1), Mo/RhPW/RhDFHREEII/ NS A7z,
B HFUERE & 8 R i chat L, FEahAER D
129 D59 1 kgT/N & <, EEAFBEAGHR ATMOIE ) 539 3mm
KE L B0, YL AEERAROMELFERTHS
LEbi, TRTOY =4y M7 4y OfAEHETHY
ENTV60mmDFEEFLEEIZ BT, HHEFLEE & 22580
—OMED S, Mo/Molldt LT, Mo/Rhiz#10%, W/Rhit
#960% D AGHEE 2T & AR R LAz, $7, D
12 > TIREAIERGICEIR S B 2 e 25, ERHHEINT 512
EIEE LR VEIEATR SN, BHIUEIRESS (AThh
40-65/ETlE, ASHREOERMIAFEANIE A LTV EAIRL
7.

Research Code No.: 521 (Breast), 204.1 (diagnostic X-ray unit, general)

Key words: Mammography, Patient factor, Exposure factor

Received Feb. 16, 2001; revision accepted Jun. 14, 2001
1) FAHE T R P AR R R T U R R 2 R
2) () HEWTSE S IR % BE U At aB i Bt

3) IR MBS B

4) BURHRILARAERL AR AR R AT R R

Rl REE sk 5
T300-0394 FRIHIEFREE BRIE R4669-2
gﬁﬂgﬁﬁxﬁ PR TR

NIPPON ACTA RADIOLOGICA 2001 ; 61 : 431-437

Introduction

The prevalence of mammography in Japan has grown in re-
sponse to the increased incident of breast cancer'’. Mammogra-
phy is employed for early detection of breast cancer because
it provides a more precise diagnosis than palpation?,

However, mammography is accompanied by radiation ex-
posure to the breast, which is regarded as a comparatively ra-
diosensitive organ®. In order to optimize mammography in
terms of both diagnostic accuracy and patient exposure, mam-
mography procedures need to be examined in detail in order
to identify the conditions for obtaining the highest image
quality with the lowest radiation dose. Compressed breast
thickness and exposure settings are the major factors influ-
encing the absorbed dose to the breast. Although many ra-
dinlogic technologists have recently been certified as mammo-
screeners (MRT) by the Japanese Society of Radiological
Technology (JSRT), there has been little research conducted
by such certified individuals concerning the evaluation of
mammography procedures. Young et al. reviewed mammo-
graphy screening in detail in the United Kingdom®. The mean
glandular doses for mammographic screening were particu-
lar reported routinely at screening centres in the UK Breast
Screening Programme (NHSBSP).

Exposure factors for optimum mammography condition,
defined here in terms of image quality and patient exposure,
are considered to be largely dependent on both patient and
technical factors®. As such, we statistically analyzed these
factors as variables to be used for optimization. The patient
factors investigated were age, projection, compressed breast
thickness and degree of compression. The technical factors
investigated were target/filter combination, tube voltage and
tube loading. These factors were classified and analyzed,
allowing the mean value, standard deviation and correlation
of factors to be derived.

The present research involves an investigation of exposure

factors and a comparison of the findings with previously re-

31



432 Investigation of Exposure Factors in Japanese Routine Mammography

ported results in order to provide data that may be useful for
the improvement of routine mammography in Japan.

Materials and Methods

The study population consisted of 1,313 women who had
a routine mammography taken with craniocaudal (CC)and me-
diolateral oblique (MLO) projections for each breast. The
minimum and maximum age in this study were 15.2 years and
83.5 years, respectively. We used a mammographic X-ray unit
(Mammomat 3000, Siemens ) operated by a specific MRT from
November 1998 to January 1999 at the Cancer Institute Hospi-
tal.

The inverter mammographic unit generates high-voltage
waveforms with less than a 10% ripple. The unit is equipped
with a molybdenum (Mo) /tungsten (W)dual track X-ray tube
with external filters of 0.030 mm Mo, 0.025 mm rhodium (Rh)
and 0.050 mm Rh. The available target/filter combinations
are a Mo target with 0.030 mm Mo (Mo/Mo), a Mo target with
0.025 mm Rh(Mo/Rh)and a W target with 0.050 mm Rh (W/
Rh). The unit featured the following: 1)a source-fo-image
distance (SID) of 60 cm; 2)a reciprocating grid ratio of 4:1
with a density of 27 lines/cm; 3) automatic exposure control
(AEC)with a D-shaped detection area of 3x6 cm. The com-
pression technique was applied for all women examined. The
film/screen system used was a MinR2 screen (Kodak) /UM-
HC film (Fujifilm) combination with a film size of 18x24 cm.

Mammographic positioning for all the women was done by
one MRT using the standard criteria set by the JSRT, and
the following data was recorded: patient data; age, projection,
compressed breast thickness and compression force, and tech-
nical data; target/filter combination, tube voltage and tube
loading. The target/filter combination and tube voltage were
manually selected by the MRT so as to obtain the mammo-
gram at 20 to 100 mAs, because longer exposure times re-
sult in larger doses according to the film non-reciprocity law
and blurring due to patient movement. In addition, the change
of shapes of the X-ray spectrum was set in order to small. The
above is based on MRTs experience. The decision concern-
ing tube loading was determined by AEC automatically. The
average optical density of the area of the main glandular tis-
sue on a mammogram was about 1.3 under the above condi-
tions. The AEC was adjusted to and tested daily at an optical
density of 1.3 on the RMI-156 phantom.

The degree of compression was subjectively judged by the
MRT according to patient age, shape, and presumed internal
anatomy of the breast by palpation. Compressed breast thick-
ness (in mm)and compression force (in kgw) were read directly
from the digital display on the unit. An initial calibration of
the compression device was performed using a 10 mm thick
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PMMA phantom and an analog bathroom scale according to
recommendations”’. The accuracy of the compressed breast
thickness and the compression force were estimated to within
I mm and 1 kgw, respectively. Exposure data obtained un-
der AEC conditions were recorded. The incident air kerma
to the compressed breast for an exposure was calculated us-
ing a Spectrum Processor® .

All data were imported into computer software (Microsoft
Excel, Microsoft) and statistical analyses were performed using
other software (Atatistic Analysis System (SAS), SAS
Institute).

Results

Figure. 1 shows a histogram of the age distribution of Japa-
nese women (A)and the ratio of women who have had a mam-
mography examination (B)in this study. Figure. 1 (B)is shown
as the ratio of the normalized age distribution of women who
have had a mammography examination calculated from Fig.
1(A)to the normalized age distribution of women in Japan.
The latter is calculated from the official statistical popula-
tion given by the Statistics Bureau and Statistics Center of
the Management and Coordination Agency of Japan. The age
distribution of women examined was represented by a nor-
mal distribution with 51%11 years.

A histogram of the compressed breast thickness distribu-
tion and the compression force distribution for each projec-
tion are shown in Fig. 2. The compressed breast thickness
distribution was a normal distribution centered around approxi-
mately 40 mm; the mean for CC was 44.1 mm, and the mean
for MLO was 41.2 mm for both the right and left breasts, 42.6
mm for the right breast (R)and 42.7 mm for the left breast (L)
in two projections. The compressed breast thickness for CC
was significantly greater than MLO (p<0.001, paired 1 test),
and there was no difference between R and L. The distribu-
tion of compression force was also a normal distribution with
a mean of 7.9 kgw for CC and 9.0 kgw for MLO. The com-
pression force for ML.O was significantly greater than CC
(p<0.001, paired 7 test), and there was no difference between
R and L.

Figure. 3 shows the mean compressed breast thickness for
each projection as a function of compression force (A) and mean
compression force for each projection as a function of com-
pressed breast thickness (B). The compression force and com-
pressed breast thickness were classified in each interval, and
the mean value and 95 % confidence limits were calculated.
The error bars indicate the 95 % confidence limits. The mean
compressed breast thickness for CC was larger than for MLO
at any compression force, and the mean compression force

for MLO was greater than CC at any compressed breast thick-
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Fig. 1 Histogram of age distribution of 1,313 women examined. Axis labels represent the mid-point of 5 year intervals.

A: Number of women plotted against age.

B: Ratio of examined women plotted against age, given as a ratio of the normalized age distribution in(A) to the normalized age distri-
bution of women in Japan (official statistical population given by the Statistics Bureau and Statistics Center of the Management and
Coordination Agency of Japan).
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Fig. 2 Histogram of compressed breast thickness (A) and compression force (B) determined for CC and MLQ projections. Each axis
label represents the mid-point of 5 mm and 1 kgw intervals, respectively.

ness. The relationship between compressed breast thickness at 650-65 years, and be lowest at 25-30 years. The mean com-
and compression force was not expressly indicated. pressed breast thickness increased gradually in the age range
The mean compressed breast thickness and mean compress- 30-65 years. The mean compression force also increased gradu-
ion force for each projection as a function of age are shown ally with age, as shown in Fig. 4(B).
in Fig. 4. The mean compressed breast thickness and mean The selected target/filter combinations and tube voltages
compression force were grouped in 5 year intervals, and mean are shown in Fig. 5 as a function of compressed breast thick-
value and 95 % confidence limits were calculated. The error ness. Fig. 5(A)shows the selected ratio of the target/filter
bars indicate the 95 % confidence limits. The mean compressed combination as a function of compressed breast thickness. The
breast thickness can be seen from Fig. 4 (A)to reach a peak selected counts were classified in 5 mm intervals, and the
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Fig. 4 Mean compressed breast thickness (A) and mean compression force (B) for each projection as a function of age. Each axis
labels represents the mid-point of 5 years intervals, and the error bars indicate 95 % confidence limits.

selected ratio was calculated. The target/filter combination
selected was Mo/Mo for 83.8 % of cases, Mo/Rh for 15.0 %
of cases and W/Rh for 1.2% of cases. Fig. 5 (B)shows the mean
tube voltage for each target/filter combination as a function
of the compressed breast thickness. The tube voltage was
classified in 5 mm intervals, and the mean value and 95 %
confidence limits were calculated. The error bars indicate the
95 % confidence limits. The mean tube voltage increased with
compressed breast thickness in a manner dependent on the
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target/filter combination, as shown in Fig. S(B).

The incident air kerma for each target/filter combination is shown
as a function of compressed breast thickness and age in Fig. 6. The
incident kerma was classified in each interval, and the mean value
and 95 % confidence limits were calculated. The error bars indi-
cate the 95 % confidence limits. The incident air kerma increased
with compressed breast thickness, dependent on the target/filter
combination, as shown in Fig. 6 (A ). However, the incident air kerma

exhibited no significant increase with age as shown in Fig. 6(B).
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Fig. 6

Incident air kerma per target/filter combination as a function of compressed breast thickness (A) and age (B). Each axis label

represents the mid-point of 5 mm and 5 years intervals, respectively, and the error bars indicate 95 % confidence limits.

Discussion

The mean age of examined women in this study was 51.3
years, which is similar to the mean age considered in other
studies* °'". Women of this age are most likely to undergo
a mammography examination because the peak age cohort for
breast cancer mortality in Japan is in 50s".

The mean compressed breast thickness for CC was about
3 mm thicker than for MLO. The mean compressed breast

TR 134ETH 25 H

thickness has previously been reported for Japan as follows;
33.3 mm for MLO and 33.0 mm for CC'?, or 38.2 mm for
C(C'?, and 37.7 mm average according to the two projections®.
In the UK, the reported values are 54.3 mm for MLO and 51.5
mm for CC¥, and in the USA, the reported thickness are 48
mm for MLO and 44 mm for CC'", or 52 mm average for two
projections'”, The mean compressed breast thickness for MLO
has been shown to be significantly greater than the thickness

for CC in a number of studies* * ', which is in contrast to
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the results of the present study. The mean compressed breast
thickness seems to be dependent on individual MRTs or on
the policy of the facility where the exam is carried out rather
than anatomical differences.

The compression force for MLO was about 1 kgw greater
than for CC, which is consistent with findings reported in
another study'". The ratio of mean compression force to the
mean compressed breast thickness'! was significantly greater
for MLO than for CC; 0.217 kgw/mm for MLO and 0.179 kgw/
mm for CC. The value reported in the USA is 0.198 for MLO
and 0.199 for CC'". It is somewhat more difficult for MRTs
to compress the breast for CC than for MLO projection, be-
cause Japanese women have smaller breasts than many Western
women. This is reflected in a greater compressed area for MLO
than for CC in Japanese women, suggesting that a phantom
of a human breast is needed. The compressed breast thick-
ness is independent of compression force, as shown in Fig.
3, suggesting that MRTs effectively gain accurate knowledge
of the optimum compression force for each projection through
experience. The compressed breast thickness is related to age,
as shown in Fig.4, which is tendency that has also been re-
ported by Matsumoto et al”’.

The target/filter combinations selected were Mo/Mo for
breasts with thickness less than 50 mm, Mo/Rh for breast of
50 to 60 mm thickness, and W/Rh for breasts larger than 60
mm thickness, as shown in Fig. 5. The Mo/Mo combination
was used more often in the present study compared to other
studies*, which again is considered to be attributable to the
smaller compressed breast thickness of Japanese women com-
pared to women in Western countries. The selected ratio dis-
tribution of Mo/Mo and Mo/Rh are almost coincident, as shown
in Fig. 5(A). This is thought to be due to the lack of discrimi-
nation by the MRT in regard to the target/filter combination
in the 50 mm breast thickness range. However, further stud-
ies on the best target/filter combinations appear to be neces-
sary.

The incidence air kerma was calculated directly from its
proportionality to the surface entrance dose, which in turn cor-
relates to the average glandular dose. As breast tissue composi-
tion was not investigated, the average glandular dose was not
calculated. The incidence air kerma data was obtained at a
distance of 75 cm from the target and calculated using a Spec-
trum Processor®’, and was used primarily for the comparison
of target/filter combinations. The calculated mean incident
air kerma was 7.0 mGy per exposure at 75 cm distance in this
study. The incident air kerma necessary for exposing the
compressed breast thickness of 60 mm was estimated to be
about 10 % less for Mo/Rh and about 60 % less for W/Rh
compared to Mo/Mo. Hence, the use of Mo/Rh in preference
to Mo/Mo dose not provide any considerable reduction in
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exposure, as shown in Fig. 6(A). The improvement of mate-
rials and thickness of the filter and grid radiography for thinner
breasts for Japanese women and related issues should be further
discussed. The lowest exposure was achieved through when
using the W/Rh combination. W/Rh has better performance
for thicker breasts due to the narrower spectrum through the
breast compared to the other target/filter combinations!¥, W/
Rh is therefore an appropriate choice for thicker breasts. The
incident air kerma decreased gradually with age, becoming
constant in the range 40-65 years. The change of tissue
glandularity with age is well known. The change in incident
air kerma with age is considered to be due to a reduction of
glandular tissue and an increase of adipose tissue. This is sup-
ported by the observation that compressed breast thickness
increases with age in the range 40-65 years, as men-tioned
previously. This age dependency of incident air kerma can
also be explained by the age dependency of compression force.

Conclusion

This study involved 1,313 women who had been examined
by mammography using a mammographic unit operated by
one MRT during a 3-month period at the Cancer Institute
Hospital in Japan. The exposure factors for optimum mam-
mography conditions are considered to be dependent on vari-
ables of both patient and technical factors. The patient fac-
tors investigated were age, projection, compressed breast
thickness and degree of compression, and the technical fac-
tors investigated were target/filter combination, tube voltage
and tube loading. These factors were classified and analyzed
statistically, involving the examination of the mean, standard
deviation and correlation of factors. The findings of this study
are as follows:

1. Although the compressed breast thickness for CC was 7
% larger than for MLO, the compression force for MLO
was about | kgw greater than for CC. The reason for this
originates from the fact that the compressed breast area
for ML.O is greater than for CC projection.

2. The incident air kerma was 10% less for Mo/Rh and 60
% less for W/Rh compared to Mo/Mo at a compressed
breast thickness of 60 mm. Although the dependence of
image quality on the target/filter combination was not
examined in this study, the W/Rh was found to permit
significant dose reductions for thicker breasts.

3. The incident air kerma remained almost constant in the
40-65 year age range. It was concluded that the variation
of incident air kerma according to age results from a re-
duction of glandular tissue and corresponding increase of

adipose tissue.
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